Evaluation of Polymorphisms in Paraoxonase 2 (PON2) Gene and Their Association with Cardiovascular-Renal Disease Risk in Mexican Americans
Paraoxonase 2 (PON2) is a member of the paraoxonase (PON) family, which was originally identified as an organophosphate hydrolase. The name 'PON' was derived from one of its most commonly used substrates, paraoxon, a metabolite of the insecticide parathion [1] . In addition to its role in hydrolyzing organophosphorus compounds, PON plays an important role in lipid metabolism. Genetic and biochemical studies have demonstrated that PON prevents the oxidation of low-density lipoprotein (LDL) to oxidized LDL, and preserves the function of high-density lipoproteins by inhibiting their oxidation [2] [3] [4] . Experimental studies suggest that PON lowers the risk of coronary heart disease.
PON2 gene encoding paraoxonase 2 is located on human chromosome 7q22 [5] . PON2 is widely expressed in a variety of tissues including endothelial and smooth muscle cells as well as macrophages [6] . The antioxidative and antiatherogenic activities of PON2 have been well documented [6, 7] . Over the past decade, studies have attempted to determine the relevance of DNA sequence variants in the PON2 locus to cardiovascular and renal disease risk. Of the several sequence variants identified in the PON2 locus, the Arg148Gly and Cys311Ser variants have received much attention. Several epidemiological studies have associated these variants with microvascular complications of both type 1 and type 2 diabetes [8] [9] [10] [11] [12] [13] , coronary heart disease [14] [15] [16] and myocardial infarction [17] . In addition, an A to C variant located in intron 1 (rs12704795) was recently demonstrated to be associated with microalbuminuria [13] and albumin-to-creatinine ratio (ACR) [18] .
In the present study, we investigated if these three PON2 polymorphisms (Arg148Gly, Cys311Ser, and an intron-1 variant) previously examined by others have any relationship with type 2 diabetes (T2DM), cardiovascular and renal disease risk in a Mexican American cohort.
Patients and Methods
The San Antonio Family Heart Study (SAFHS) family member recruitment and data collection procedures were described previously [19] . Briefly, probands for the SAFHS were selected randomly from a census tract in San Antonio of low-income Mexican Americans regardless of preexisting medical conditions. A variety of metabolic, hemodynamic, anthropometric, and demographic variables were collected from more than 40 extended Mexican American families [19] . Estimation of glomerular filtration rate (eGFR) by the Modification of Diet in Renal Disease (MDRD) equation, and ACR has already been described [20] . The quantitative trait values were inverse-normalized and used in the association analyses since their raw data were non-normally distributed. The Institutional Review Board of the University of Texas Health Science Center at San Antonio approved all procedures, and all subjects gave informed consent.
Genotyping of rs11545942 (G/A; Arg148Gly), rs7493 (C/G; Cys311Ser) and rs12704795 (A/C) polymorphisms were performed by TaqMan assay (Applied Biosystems, Foster City, Calif., USA), which was carried out on a GeneAmp PCR system 9700 (Applied Biosystems), and fluorescent signals were detected on an ABI Prism 7700 sequence detector (Applied Biosystems).
The genotypic data were checked for mendelian pedigree inconsistencies using the program INFER and GENTEST as implemented in PEDSYS [21] . Allele frequencies were estimated using maximum likelihood techniques, which account for the pedigree structure. Linkage disequilibrium between SNPs was estimated using the r 2 values. Association analysis in our family data was carried out using the measured genotype approach (MGA) within the variance components (VC) analytical framework [22] . The VC-based approach accounts for the non-independence among family members. In this approach, VCs are modeled as random effects (e.g., additive genetic effects and random environmental effects), whereas the effects of measured covariates such as age and sex are modeled as fixed effects on the trait mean. The marker genotypes were incorporated in the mean effects model as a measured covariate, assuming additivity of allelic effects [22] . The effect of this measured genotype (i.e., association parameter) together with other covariate effects (e.g., age and sex) and VCs were estimated by maximum likelihood techniques. The hypothesis of no association is tested by comparing the likelihood of a model in which the effect of the measured genotype is estimated with a model where the effect of the measured genotype was fixed at zero. Twice the difference in the log likelihoods of these models yields a test statistic that is asymptotically distributed, approximating a 2 distribution with 1 degree of freedom. A p value ^ 0.05 is considered significant. Based on the number of participants, there is 83% power to detect an association that may account for as little as 1% of the phenotypic variation. Prior to performing MGA, the quantitative transmission disequilibrium test (QTDT) was used to examine hidden population stratification [23] . All statistical techniques described above were implemented in the program SOLAR [22] . Table 1 shows the clinical characteristics of the SAFHS subjects genotyped for this study. Of the genotyped individuals (n = 848; 21 families), the mean age of the study subjects was 48 years, and 63% were females. The data available for each phenotype varied from 780 subjects for ACR to 848 subjects for age. Of the examined individuals from 21 families, 52, 22, and 14% had hypertension, T2DM, and albuminuria, respectively ( table 1 ) . Of the three PON2 polymorphisms genotyped, the rs11545942 (Arg148Gly) variant failed to be polymorphic in SAFHS data. The allele and genotype frequencies of rs7493 (C/G; Cys311Ser) and rs12704795 (A/C) are presented in table 2 . As can be seen from table 2 , the frequencies of the C and G alleles of rs7493 polymorphism were 79 and 21%, respectively. The frequencies of A and C alleles of rs12704795 were 77 and 23%, respectively. Genotypic data of rs7493 and rs12704795 were consistent with the Hardy-Weinberg equilibrium expectations. To guard against potential effects of hidden population stratification, we also employed the QTDT approach [23] . This approach permits a formal test of likely population heterogeneity on a marker-specific basis [24] . Using this test, we found no evidence for such stratification. Additionally, the results of the QTDT analyses were consistent with the more powerful measured genotype analyses.
Results
Association analysis in our family data was performed using the MGA. Of the phenotypes examined [T2DM, body mass index, systolic blood pressure, diastolic blood pressure (DBP), total cholesterol, high-density lipoprotein cholesterol, triglycerides, eGFR, and ACR] for their association with genotypes, the A/C variant (rs12704795) located in intron-1 exhibited a statistically significant association only with DBP (p = 0.018) after accounting for covariate effects of age, sex, diabetes, duration of diabetes, and antihypertensive medications ( table 3 ). The nonsynonymous variant (Cys311Ser) failed to show a statistically significant association with any of the phenotypes examined in this study ( table 3 ) . 4 Data adjusted for age, sex, diabetes, duration of diabetes and antihypertensive treatment. 5 Data adjusted for age, sex, diabetes, duration of diabetes, systolic blood pressure and antihypertensive treatment. 
Discussion
In the present study, we examined the role of selected variants in the PON2 gene to individual susceptibility to T2DM, cardiovascular and renal disease risk in a cohort of Mexican Americans. This particular gene was selected based on the evidence that non-synonymous variants (Arg148Gly and Cys311Ser) and an intronic variant (rs12704795) within PON2 are significantly associated with microvascular complications of both type 1 and type 2 diabetes [8] [9] [10] [11] [12] [13] . The effect of the coding sequence variants of PON2 on its activity or concentration is unknown. However, coding sequence variants may impact PON2 activity and influence lipid metabolism pathways (e.g., lipoprotein lipase or hepatic lipase) thereby contributing to changes in the levels and composition of lipids and lipoproteins. Furthermore, genetic association studies examining the above-mentioned polymorphisms with microvascular complications of diabetes have been mostly conducted in Caucasian and Asian populations. Epidemiological studies examining the role of these polymorphisms in Mexican Americans are very limited except for one recent study where we investigated these PON2 polymorphisms in relation to cardiovascular and renal disease risk in another Mexican American cohort enriched with T2DM [18] .
In the present study, the minor allele frequencies observed both the rs7493 (Cys311Ser) and rs12704795 polymorphisms were similar to those we reported [18] previously in another Mexican American cohort -the San Antonio Family Diabetes/Gallbladder Study (SAFD-GS) -which also examined the role of these three PON2 variants and their relevance to cardiovascular and renal disease risk. However, the association analysis from this study does not support the findings of our previous study and others, which demonstrated the presence of significant association between Cys311Ser polymorphisms and variation in ACR [13] [14] [15] [16] [17] [18] . This may be either due to the difference in the sample size or the family ascertainment criteria for each study. While the probands for SAFHS were ascertained based on low-income Mexican Americans regardless of preexisting medical conditions [19] , the probands for SAFDGS were ascertained on T2DM [25] .
In view of the importance of PON2 in lipid metabolism, the relationship between Cys311Ser polymorphisms of PON2 and plasma lipoproteins has been examined by other studies [8, 15] . These investigators observed that the carriers of Ser311 and Cys311Ser had significantly higher plasma total and LDL cholesterol than subjects carrying the Cys311 genotype. However, our association analyses failed to find any statistically significant association between the Cys311Ser polymorphisms and serum lipid and lipoprotein levels ( table 3 ) . Similar to our findings, other studies, including our previous report [18] , could not demonstrate significant association of Cys311Ser polymorphisms with lipoprotein levels [2] . None of these studies examined the levels of the oxidized lipids.
Association analysis indicated the presence of a significant association between the A/C variant located in intron-1 and DBP. Although the mechanism responsible for this association needs to be elucidated, the genetic effect however appears to be modest. The current study has advantages in that it measures multiple cardiovascularrenal-related traits in the same individuals in a relatively large sample of Mexican American families. The present study has limitations in that it attempts to replicate the three variants examined previously by several studies of the PON2 gene and has not attempted comprehensive tagging of all common variation within the PON2 . In addition, the eGFR estimated by the MDRD formula has not been validated in the Mexican Americans. However, the MDRD equation is commonly used to estimate GFR and has been employed in several genetic studies [26] [27] [28] . It is to be noted that while allowing for multiple testing of SNPs preserves the significance of the one association we found, it does not consider corrections for tests across multiple phenotypes since each phenotype can be considered to reflect a unique hypothesis.
In conclusion, the present study adds evidence to other reports that the variants examined at PON2 locus do not appear to be a major contributor to T2DM, cardiovascular and renal disease risk, although it exhibited a small effect on DBP values in this cohort.
